Plant-associated microorganisms are essential for their hosts' survival and performance. Yet, most plant microbiome studies to date have focused on terrestrial species sampled across relatively small spatial scales. Here we report results of a global-scale analysis of microbial communities associated with leaf and root surfaces of the marine eelgrass Zostera marina throughout its range in the Northern Hemisphere. By contrasting host microbiomes with those of their surrounding seawater and sediment communities, we uncovered the structure, composition and variability of microbial communities associated with Z. marina. We also investigated hypotheses about the mechanisms driving assembly of the eelgrass microbiome using a whole-genomic metabolic modeling approach. Our results reveal aboveground leaf communities displaying high variability and spatial turnover, that strongly mirror their adjacent coastal seawater microbiomes. In contrast, roots showed relatively low spatial turnover and were compositionally distinct from surrounding sediment communities -a result driven by the enrichment of predicted sulfur-oxidizing bacterial taxa on root surfaces. Metabolic modeling of enriched taxa was consistent with an assembly process whereby similarity in resource use drives taxonomic co-occurrence patterns on belowground, but not aboveground, host tissues. Our work provides evidence for a core Z. marina root microbiome with putative functional roles and highlights potentially disparate processes influencing microbiome assembly on different plant compartments.
composition and variability of symbiont communities 85 associated with Z. marina; contrast these communi- 86 ties with those of their surrounding environments; and 87 investigate the mechanisms driving assembly of the 88 seagrass microbiome using a whole-genomic metabolic 89 modeling approach (Borenstein et al, 2008) . (Gilbert et al, 2014) PCR protocol. 125 We used the bacterial and archaeal primers 515F and 126 806R with an inhouse dual barcode system (see Ca- crobiomes were more similar to their adjacent en-179 vironmental communities (i.e., within-bed compari-180 son) than to others (i.e., between-bed comparison).
Statistical analyses

181
We did this using a Monte Carlo bootstrapping ap-182 proach, similar to Song et al (2013) , following or-183 dination analyses. To accomplish this we first com-184 puted the distances between group centroids of host 185 samples taken from the same seagrass bed and the 186 centroids of their corresponding environmental sam-187 ples. We then determined whether host-associated mi-188 crobial communities were more similar to their adja-189 cent environment than to others by comparing inter-190 centroid distances against the distributions generated 191 from 1000 permutations of the randomized dataset.
192
Performing β-diversity analyses for both the Canberra We used the estimates from this classifier to perform 211 a guided differential abundance analysis for the two 212 host compartments to identify OTUs that were signif-213 icantly enriched or depleted on leaves and roots rela-214 tive to their primary putative colonization source. We 215 did this by fitting generalized linear models with nega-216 tive binomial error distributions to TMM-normalized 217 OTU counts and identifying differentially abundant 218 taxa on host samples using a likelihood ratio test. We 219 focused subsequent analyses on OTUs that were signif-220 icantly host-enriched (Benjamini-Hochberg adjusted 221 P < 0.01), as these taxa represent portions of the mi-222 crobiome that were most likely to be actively selected 223 for by the host (Burns et al, 2015) . , 2005) . Namely, we sought to determine whether 230 enriched taxa that are predicted to utilize similar 231 metabolite resources on eelgrass surfaces co-occurred 232 more or less frequently than expected by chance.
233
To accomplish this, we conducted a BLAST se- in its metabolic network -was calculated as a proxy 248 for its nutritional profile (Levy and Borenstein, 2013) 249 using a previously published graph-theoretic method 250 (Borenstein et al, 2008 water-sourced ( Fig. 2a , dark blue shaded area). Roots 333 were estimated to be primarily sourced from sedi-334 ment ( Fig. 2b ; median proportion of sediment-sourced 335 OTUs = 0.51). Although the communities on some 336 roots were predicted to originate nearly completely 337 from sediments, most appeared to receive colonists 338 from both above-and belowground environments ( Fig.   339 2b, dark red area). 340 We used the estimates from source tracking to per-341 form a guided differential abundance analysis for each 342 of the two plant compartments (i.e., leaves and roots), ria classes (Fig. 4, blue columns) . In contrast, we de-355 tected 510 enriched and 1,005 depleted OTUs on sea-356 grass roots (Fig. 3b isolates are sulfide-oxidizers (Han and Perner, 2015) . and seawater communities compared to root surfaces, 403 whose taxonomic and phylogenetic compositions were 404 less heterogenous than, and more distinct from, the 405 surrounding sediment (Fig. 1) . As very few studies (Fig. 1b) . Notably, Z. marina has lost genes 422 for the production of volatile terpenes and lack stom-423 ata on leaves (Olsen et al, 2016) , raising the possibil-424 ity that seagrass leaves lack many of the characteris- plants (Jørgensen, 1982; van der Heide et al, 2012) . Seagrasses and their ecosystems have been the sub-503 ject of a great amount of research covering many 504 topics including ecology and biogeography (Duffy, 505 2006), evolution (Chen et al, 2012) , physiology (Pen-506 nisi, 2012) and genetics (Olsen et al, 2016) . Here, we 
